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ABSTRACT
The first phase of this investigation was a study of the inter­
relationships of phospholipid concentration, fatty acid composition, 
and both spontaneous and developed acid degree values. Two groups 
of eight Holstein and eight Jersey lactating cows were selected at 
random for two trials, the first in May and June and the second in 
August and September of 1962. Four bi-weekly samples were taken from 
the whole evening milking from each cow in each trial. Each sample 
was analyzed for phospholipid concentration, fatty acid composition, 
and both spontaneous and developed acid degree values.
There were trial differences (P<^0.01) for both and C^g 
n-alkanoic acid with the C4 fraction being highest in August and 
September and C-̂ g exhibiting the opposite trends. The trial by 
period interactions were significant (P<0.01) for the Cg through 
C^g n-alkanoic acids with Cg through Cj^ decreasing during the first 
trial and increasing during the second trial and C^g exhibiting 
opposite trends. Breed differences were significant for the Cg 
(P<0.01), C l 0 (P<0.01), C12 (P<0.01), C14 (P <  0.05) , and Cig 
(P<[0.01) n-alkanoic acids with C6 , C1 0, C1 2, and Ci4 being highest 
in the Jersey breed and C^g being highest for the Holstein breed.
There was a negative correlation (P<0.01) between phospholipid 
concentration and developed acid degree value. Phospholipid is 
possibly a measure of the amount of "fat globule membrane" material 
and the greater the material the more difficult it is for lipolysis
xi
to occur. A phenomenon of all correlations being positive between 
fatty acids with other fatty acids from C4 through C^4 and all 
negative for Ci6 and Ci8 n-alkanoic acids was noted which may be 
used to explain the related flavors often associated with rancidity.
The second phase was a study of the relationship of milk pipe­
line height and agitation time in a Waring Blendor to developed acid 
degree value. To accomplish this phase a simulated udder to be 
used in a pipeline milking system was constructed by attaching four 
calf feeder nipples to the bottom of a 12 quart pail. Ten portions 
of milk were used in this study and each portion was pumped through 
two systems and five heights using all possible combinations. One 
system utilized a weigh pail and the other system did not. The heights 
ranged from -2 to 6 feet at two foot increments. Differences between 
developed acid degree values for different heights were significant 
(P <^0.01) and the system difference was also significant (P 0.05). 
The system with a weigh pail gave lower developed acid degree values.
A curvilinear regression of developed acid degree value on height of 
milk pipeline was fitted through the quadratic function and about 
three feet above the udder of the system appears to yield the lowest 
developed acid degree values.
A sample of each portion of milk used in the simulated system 
was subjected to varying lengths of time in a Waring Blendor.
Developed acid degree values were determined on each sample and results 
were subjected to a curvilinear regression of developed acid degree 
value on time in the Waring Blendor through the quadratic function.
xii
The relationship between amount of agitation and developed acid degree 
value aids in explaining variation in developed acid degree values 
obtained in the simulated system in that various heights gave various 
amount of agitation.
Three replications of a 4 X 4 Latin Square design with four 
cows, four days, and four milk pipeline heights were made under farm 
milking conditions using the same pipeline as the simulated system. 
Differences between heights under these conditions were not significant. 
Before definite recommendations on pipeline construction and heights 
can be made, more research on flow quality is warranted.
xiii
I. INTRODUCTION
Hydrolytic rancidity is one of the major flavor defects that may 
cause milk to be rejected in market channels. The causative factor 
is the enzyme lipase which catalyzes milk fat hydrolysis. This reac­
tion liberates free fatty acids, some of which have distinctive flavors 
and odors due to being soluble and volatile. In some severe cases 
consumers have complained of spoiled products and producers have lost 
their marketB.
Enhanced lipase activity has been associated with agitation. 
Whether the enzyme is activated or the fat is physically altered to 
become more susceptible to lipase action has been argued. Based on the 
"foam theory" of churning, the latter would seem to be the more probable 
explanation. From this, it is assumed that some portion of the "fat- 
globule membrane" is removed during agitation leaving a globule surface 
which contains exposed triglycerides. Any type of agitation will 
bring about this removal if foam is allowed to form. The amount of 
specific surface material present should be related, therefore, to 
the rate of lipase activity.
The present study was undertaken to investigate two groups of 
factors related to rancidity. The first was a study of the inter­
relationships of phospholipid concentration, fatty acid composition, 
and both spontaneous and developed acid degree values. The phospho­
lipids were studied because of their concentration at the fat globule 
surface and their possible relation to resistance of fat to lipase 
action by indicating thickness of the fat globule "membrane". The
study of fatty acid composition was selected to determine if a specific 
relationship existed between specific acids and increased acid degree 
values. An insight into these relationships should add to our knowledge 
of the causative mechanism of these complex phenomena.
The second and closely related phase was a study of the relation­
ship of milk pipeline height and agitation under controlled laboratory 
conditions to acid degree value increase. The amount of agitation 
that milk is subjected to via pipeline handling should be closely 
related to the rate of milk fat hydrolysis. A simulated udder and 
pipeline milking system were designed to allow measurable variations 
in pipeline height while providing a uniform milk supply as well as 
controlling other known variables. By varying pipeline heights it 
was hypothesized that changes in acid degree values should be noted 
due to varying amounts of agitation at the different pipeline heights.
To further relate agitation to acid degree value increases, controlled 
agitation of milk in a Waring Blendor should provide supplementary 
data to that obtained from the pipeline study. A final check of the 
relationships established under the experimental simulated conditions 
required the use of cows in place of the simulated udder.
Results of such studies should be beneficial in comparing milk 
fat produced under other-conditions and in other areas and further 
should provide some ideas for future study and development of pipe­
line design.
II. REVIEW OF LITERATURE
Milk is a fat-in-water emulsion stabilized by phospholipids that 
are absorbed on the fat globules and in turn are bound to the membrane 
protein (87) . The fat or lipid fraction occurs in milk in the form of 
small globules with diameters of up to eight microns. The general com­
position of this fraction is given in Table 1. Jack and Smith (56) 
stated that since milk fat composition is so variable any assignment 
of specific values would be meaningless but could be expressed more 
effectively through the use of ranges and averages. They further 
pointed out that any single value for a component would be misleading, 
and any attempt to characterize milk fat on the basis of a single 
constituent, or perhaps even a group of constituents may be fallacious.
For a better understanding of milk fat structure and chemical 
activity, the literature related to phospholipids, fatty acids, and 
lipase action are subsequently reviewed.
A. Phospholipids
1. Terminology and structures
Members of this large group of lipids have either been called 
phospholipids or phosphatides (133). The groups found in milk are 
lecithin, cephalin, sphingomyelin, cerebrosides, plasmalogens, and 
phosphoinositides (73, 87). Lecithin refers to phosphatidyl choline, 
cephallns include both phosphatidyl ethanolamine and phosphatidyl serine, 
and sphingomyelin has also been called diaminophospholipid (69, 133).
The phosphatides with a nitrogen/phosphorus ratio of 1:1 have
3
TABLE 1
The composition of milk lipids
Location in reference to




Phospholipids Globule membrane and
Sterols .25-.4(A
serum 
Fat globule, globule 
membrane, and milk 
serum
Free fatty acids Traces Fat globules and serum
Waxes Traces Fat globules
Squalene Traces Fat globules
Fat Soluble vitamins
Vitamin A 7-8.5ug/g fat
Carotenoids 8-10 ug/g fat
Vitamin D Traces
Vitamin E 2-50 ug/g fat
Vitamin K Traces
Taken from Principles of Dairy Chemistry (58).
LO. Based on total weight of the lipids.
^  Calculated as lecithin on the basis of lipid phosphorus.
been depicted as derivatives of phosphatidic acid (Fig. 1) which upon 
complete hydrolysis yields one mole of glycerol, one mole of phos­





Fig. 1. Alpha phosphatidic acid
shown to contain one mole of choline, ethanolamine, and serine 
estrified to the phosphoric acid for phosphatidyl choline, phos­
phatidyl ethanolamine, and phosphatidyl serine, respectively (Fig. 2)
H(j» H<j> H(j>
R-0-P-0-CH2-CH -N=(CH3)3 R-0-P-0-CH2-CH2-NH2 R-0-P-0-CH2-CH-NH2
i i  i t  n
0 0 0
Fig. 2. Choline, ethanolamine, and serine, respectively.
Mattson (87) stated that of the total phosphatides, lecithin 
accounted for 28-33%, cephalins for 35-45%, and sphingomelin (Fig.
3) for 19-34%. Several workers (28, 41, 73, 82) have reported 
smaller quantities of cerebrosides (Fig. 4), plasmalogens (Fig. 5), 
and phosphoinositides (Fig. 6).
Considerable work (45, 76, 113) has been done relative to the 
fatty acids present in the phospholipids. These values have aided 
in the determination of conversion factors of inorganic phosphorus 




i i  n  ̂
OH NH 0 0"i
RC=0
Fig. 3. Type formula for sphingomyelin.
CH3(CH2)12-CH=CHCH-CH-CH2-0-CH









H2C-0-P-0-CH2-CH2-NH3 ' + 
0 "





I IHCOH HC-0-P03H 
CHOH
Fig. 6. Presumed formula of diphosphoinositide.
present have been associated with oxidative deterioration in its 
early stages (79).
Hilditch and Maddison (45) reported results on two analyses for
component acids of phospholipids found in cow's milk. Their results 
expressed as percentage on a weight basis were myristic -5.5%, palmitic 
-13.4%, stearic -9.0%, as arachidic -20.9%, as C26H52O2 -10.0%, 
hexadecenoic -4.9%, as oleic 023.5%, and as C20-22 "12.8%. Of par­
ticular interest was their report that butyric and other short chain 
acids were found to be wholly absent from the phospholipids studied.
In an analysis of the lecithin - cephalin fraction of milk 
phospholipids, Kurtz (76) observed the component acids to be myristic 
-5.2%, stearic -16.1%, arachidic -1,8%, oleic -70.6%, and dicostetrenoic 
acid -6.3%. A unique fact of this work was the absence of palmitic 
acid, which not only is one of the acids most abundant in milk fat, 
but is widely distributed in nature. A second fact was the high 
percentage of oleic acid present. Smith and Jack (113) estimated the 
amounts of unsaturated fatty acids in a sample of milk phospholipid.
The sample on which they reported contained 26.3% monoene, 1.5% 
conjugated diene, and 5.8%, 2.4%, 1.3%, and 1.5% nonconjugated diene, 
triene, tetraene, and pentaene acids, respectively.
Table 2, taken from Hilditch (41), gives a survey and comparison 
of the general fatty acid composition of milk phospholipids.
In general, total phospholipid content has been calculated as 
pure lecithin of the oleyl-stearyl type (69). The conversion factor 
used was 25.97 (100/3.85) on the basis that lecithin contained 3,85% 
phosphorus. Sommer (117) pointed out that such a simplification was
9
TABLE 2
The fatty acid composition of phospholipids 
in Swiss and English butterLS.
Swiss Enelish
Cj^ Ifyristic acid 3.2
(%)
5.5
Ci6 Palmitic acid 2 1 . 0 13.4
Cjg Stearic acid 7.3 9.0
as Arachidic acid 12.3 20.9
as C26h52°2 5.2 10 .0
C^g Monoenoic acid 4.3 4.9
Cis Oleic acid 32.5 23.5
C^g Dienoic acid 6.4 ----
^20-22 Unsaturated 7.8 1 2 .8
^  Taken from The Chemical Constitution of Natural Fats (41).
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justified, since lecithin predominates, and further that all three 
phosphatides have similar molecular weights.
However, it was pointed out by Jenness and Patton (58) that pure
lecithin has never been isolated from milk. Other phosphatides 
besides the major three (lecithin, cephalin, and sphingomyelin) have 
been shown to be present (29, ^,*73, 82) and they possess molecular 
weights much larger than that of the major three (133).
Holm et al. (52) used 25.00 as a general conversion factor. This 
value has been adopted by Koops (72) and subsequently by Greenbank 
and Pallansch (27).
Based on the estimation of fatty acids in various phospholipid 
portions, Baliga and Basu (2) used conversion factors of 25.99, 24.00, 
and 26.83 for lecithin, cephalin, and sphingomyelin, respectively.
2. Phospholipid distribution in some dairy products
Much work was done early in this century on the distribution of 
phospholipids in dairy products. Table 3 presents a review of several 
of these early works. There is a noticeable variation between per­
centages reported by the various authors. Of interest is the wide 
range in milk fat reported by Mohr and Moss (89).
In a study related to the migration of phospholipids which may 
explain some of the variations, Greenbank and Pallansch (27) reported 
mg phosphatide/100 g 3.3% milk ranged from 13.2 to 14.2 mg for cream 
and 5.9 to 8 .6 mg for skim.
3. Methods of isolation and determination of phospholipids
Several researchers (2, 27, 53, 56, 134) have estimated the 
amounts of phospholipids in milk and milk products by determining
TABLE 3
Phospholipids of some milk products as reported by various authors
Whole Butter­ Separator Milk
References milk Skim Cream milk Butter slime fat
■<%)
Bordas and Raczkowski (4) 0.0909 0.018 0.334(50%)^ — - ------ -  _  _  « . _ - ~
Chapman (8) 0.0709 0.029 0.2155 0.148 ------- ------
Cusick (11) ------ ------ ------ 0.723 ------ ------
Dornic and Daire (15) 0.0595 0.0332 ------ -.0944 ------ ------ ------
Glikin (24) 0.1173 0.0015 ------ ------ ------ ------
Grimmer and Schwarz (28) ------ ------ ------ 0.419
Hess and Helman (40) 0.1819 0.1072 0.2668 ------ ------ ------
Holm et al. (51) 0.152 0.137 0.224 0.284 0.224 0.504 ------
Laxa (18) 0.06 ---- ------ ---- --- 0.302 ----
Mohr and Moss (89) 0.2889 0.150 0.334 0.877 1.6 0-1.73
Rewald (100) 0.05 0.0096 --- 1.40 ------ ------
Schmidt and Muhlheim (109) 0.0038 ------- 0.1736 ------ ------
Thurston and Peterson (132) ** ™  ™ . . . . 0.36-.87 “  *  ™  ™ •  •  *  “
I* Fat content of Cream
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phosphorus content of extracts obtained by several methods including 
extraction by the Mojonnier modification ot the Rose-Gottlieb procedure. 
Some workers (45, 74, 75, 76, 101, 103, 113, 114, 122) have even 
isolated the phospholipid portion from the other lipid material and 
carried out analyses on the separated fraction. There is some 
difficulty in these types of extractions (8 )̂ , Smith and Jack (113) 
state, as an example of difficulty, that the repeated precipitation 
of phospholipids with acetone, without recovery of those soluble in 
acetone, result in selective losses.
The Mojonnier method ot extraction does not extract much 
inorganic phosphorus but it has been shown not to extract all the 
lecithins, cephalins, and sphingomyelins (52, 88).
Thompson et al. (131) have presented a method of isolation of the 
entire fat globule "membrane" that when chromatographed on silicic 
acid columns gave very good separation of the phospholipids cephalin, 
lecithin, and sphingomyelin in a methanol eluate.
Taurog et al. (129) have presented a method for the separation 
of choline-bearing phospholipids of liver. The entire procedure was 
based on the discovery that phospholipids are completely absorbed on 
MgO and that under certain conditions methanol eluates only the choline- 
containing phospholipids. Baliga and Basu (2) after studying the 
applicability of a combination of the work of Taurog et al. (129), 
Schmidt el al. (108), Zilversmit et al. (137), and the combined work 
by Ranney et al. (97) have developed a scheme for the estimation of 
lecithin, cephalin, and sphingomyelin in milk.
Jenness and Patton (58) gave a classical scheme for separation 
or fractionation of the groups lecithin, cephalin, sphingomyelin,
13
and cerebrosldes* They have stated that the crude extracts could be 
purified by solvent extraction and chromatography.
Lea and Rhodes (80) demonstrated the use of column chromato­
graphy for the separation of the phospholipids. When butanol was 
used as the solvent, 92-98% of the total phosphorus appeared in a 
single band close behind the solvent front. Lea et al. (81) later 
described a paper chromatographic method for the separation of phos­
pholipids in milk, Rf values and chemical reactions of glycerophos- 
pholipids and sphingomyelins chromatographed on silica paper by the 
•'normal'* method in 20% (v/v) methanol-chloroform were also derived.
To utilize spectrophotometric procedures a molybdate solution 
has been used by many workers (27, 51, 53, 77, 114) for the develop­
ment of typical blue color. Probably the most rapid method of color 
development was presented by Smith et al. (114) which used the oxida­
tion with 75% perchloric acid followed by digestion and the development 
of a typical color.
B. Fatty Acids
1. Fatty acids of milk fat
The most general statements on fatty acids have been that they 
range from 4 to 18 carbons in length, are straight chained, and 
possess even numbers of carbon atoms (58). About 60-70% of the fatty 
acids present in milk fat are also reported to be saturated normal 
acids and to exhibit even numbered carbon chain lengths (87).
Many of the early works on fatty acid composition were presented 
in the form of mole percentages. Several of these works appear in 
Table 4, Some of these early reports (44, 46) were made on the basis
TABLE 4
Fatty acid composition of milk fat as determined by several investigators
Smith Hilditch Hilditch Jack Hansen
Carbon chain et al. et al. et al. et al. Hansen et al. Hawke
length ._C1.11).. (44) (46) (55) (30) . (31).. (35)
----------------------  —------(mole %)
Saturated
c4 9.7 8 .1 10.2 9.2 10.5 10.8 9.1
1.2 2 .8 2.5 2 .8 3.9 4.7 3.9
C8 1.6 2.5 1.3 2.7 1 .8 1.9 1.8
c 10 2.5 3.7 1.5 3.5 3.3 4.4 2.7
Cl2 3.0 4.4 3.4 5.2 3.8 4.4 3.0
c14 12.5 12.5 8 .6 14.8 9.8 11.5 9.6
c 16 2 2 .1 23.2 21 .1 27.2 23.3 22.9 23.3
c18 9.8 7.6 9.9 8.5 11.1 13.9
c20 0 .8 1 .0 0.7 1.2 11.6 0 .6 1 .0
Unsaturated
c 10 0.3 0.4 0 .2 0.3 0.3 0.4
c 12 0.3 0.9 0 .2 0 .2 0.3 0.3 ---
c14 1.0 1.7 0.9 1.5 1.2 1.0 2 .0
c16 3.0 3.7 2 .8 5.2 1.9 1.7 2 .0
c18 30.5 24.8 31.4 15.3 26.8 23.4 26.6
c20 0 .6 0 .2 0.5 0.7 1.6 1.2 1.2
Octadecadienoic 1.0 2.9 4.9 1.7 ---
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of ester fractionation. The latter group presented here (35, 55, 111) 
were derived from more elaborate or complex fractionation techniques 
and on milk fat from New Zealand (30, 31).
Since the basic work of James and Martin (57) on gas-liquid 
chromatography the field of milk fat chemistry as related to fatty 
acids has made rapid developments. Most of the recent works have 
reported fatty acids as area percentage of the total chromatogram.
Patton et al. (97) made an extensive investigation of milk 
fatty acid methyl esters (0 4-C^g) by means of gas chromatography. By 
the use of reference compounds they demonstrated the presence of C4 
through C^g n-alkanoic acids, the C^g and cis and trans C^g n-alkenoic 
acids, and the C^g n-alkadienoic and trienolc acids. The area per­
centages for the major n-alkanoic acids in milk were C4-3 .5 , Cg-1.4, 
Cg-1.1, C^q-2.7, C^2 -3 .9 , Cj^-12.7, C^g-34.4, and Cjg-11.6. The C4  
n-alkanoic acid was not quantitatively determined by gas chromatography, 
therefore, it was resolved by the column chromatography method described 
by Keeney (67).
Smith (112) developed a method shortly after the work of Patton 
et al. (97) and was able to resolve Cjg n-alkadienoic and trienoic 
but was unable to separate cis and trans C^g n-alkanoic acids were 
C4-3.46, Cg-2.22, Cg-1.27, Cio-2.71, Ci2 "3 .1 0, Cl4-10.30, Cig-28.18, 
and C18-10.70. Minor weight percentages of Cjo» c14> an<i ^16 n” 
alkenoic acids appeared on the chromatograph also. Cj^ and Cjj of the 
uneven carbon chain length group also appeared in small amounts.
Milk fatty acids were separated by Gander et al. (23a) using both 
methyl and butyl esters for gas-liquid chromatography. They reported 
difficulty in short chain fatty acid separation. The amounts of fatty
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acids reported as weight percentage were C4-3 .6 , Cg-2.3, Cg-1.2,
C^o-2.8, Ci2-2.9, C^-IO.O, Cig-24,8, and Cig-11.9. They also 
reported the presence of several branched chain acids and unsaturated 
fatty acids, however, C^g n-alkadienoic and trienoic were questionable 
in their analyses. Fatty acid composition of 106 milk samples was 
later determined by this same group of researchers (61) with the 
following average weight percentages for the major n-alkanoic acids: 
C4 -3 .75, C6-2 .2 2, Cg-1.17, C10-2.54, C12-2.81, C14-10.06, C16-24.97, 
and C^g-12.07. The weight percentages of C^g n-alkadienoic and trienoic 
acids were reported to 2.39 and 2.06, respectively.
Stull and Brown (121) analyzed the milk fatty acids of 60 
Holstein and 20 Jersey animals over a two year period. For the 
Holstein and Jersey breeds, respectively, the following fatty acid 
percentages were reported: Cg-0.89, 0.97; Cg-0.77, 0.89; C^q -2.15,
2.39; C12-2.78, 3.67; Cl4 -9.88, 10.62; C16-30.99, 32.56; and C18- 
14.61, 14.45 of the n-alkanoic group of acids. The method used did 
not allow for separation of C4 n-alkanoic acid.
By combining gas-liquid and thin-layer chromatography, Jensen 
and Sampugna (62) analyzed and reported as per cent methyl esters the 
fatty acids as follows: Cg-1.6, C^o-3.3, ^12"8,8* C14-IO.8 , C^g-25.5,
and Cj^g-13.4. They also observed several branched chain fatty acids, 
odd numbered fatty acids, and unsaturated fatty acids, but did not 
pick up the C4 or Cg n-alkanoic acids in their method.
2. Factors causing variation in milk fatty acid composition
Specific factors affecting or controlling fatty acid composition 
have been somewhat difficult to evaluate in the past due to the in­
capability of achieving a completely controlled experiment. Some of
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these highly variable factors have Included nutrition, climate, and 
stage of lactation. Because of these variables experimental control 
has been hard to obtain and may be the reason for different views.
a. Nutrition
A lowered plane of nutrition was shown by Smith and Dastur (111) 
to decrease low molecular weight fatty acids and increase the un­
saturated fatty acids, principally octadecenoic.
Smith and Ronning (115) made comparisons of fatty acid composition 
of milk from six cows fed alfalfa and oat hay alternately in a double­
reversal design. From analyses for fatty acids of samples collected 
in the last week of the trials it was noted that oat hay produced fat 
lower in C n - a l k a n o i c  and non-conjugated polyunsaturated acids and 
higher in C^g n-alkanoic and alkenoic acids. In a second experiment, 
five cows were fed long or ground (1/16, 3/16, and 3/4 in screen), 
pelleted alfalfa hay in four successive three week periods. Opposite 
changes were indicated when alfalfa hay was ground and pelleted, and 
the relative effects were influenced by the firmness of grind. The 
amounts of Cg through n-alkanoic and non-conjugated polyunsaturated 
acids were increased, but the C^g n-alkanoic and alkenoic acids were 
markedly decreased with the 1/16 inch grind. With the coarser particle 
sizes, the effect on the Cg through Cj^ n-alkanoic acids were less 
pronounced and no effect was observed on polyunsaturated acids. However, 
the marked decrease in both C^g n-alkanoic and alkenoic acids was 
accompanied by an increase in C^g n-alkanoic acid.
Jensen et al. (61) reported that feeding silage, grain, and 
hay resulted in higher concentrations of ^14> an<* ^16 n“
alkanoic acids than feeding of pasture, grain and silage. Further
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the C^g n-alkanoic and alkenoic acids were present in higher concen­
tration in the latter ration. Patton et al. (94) observed similar 
trends and attributed the increase in the C^g fraction at the expense 
of the C^g n-alkanoic acid to be due to pasture feeding. Several 
other workers (3, 31, 36, 54, 8 6, 120, 135, 136) have noticed similar 
trends, however, methods of analyses varied.
King and Hemken (70) fed rations of (A) long hay plus heated 
(flaked) corn, (B) long hay plus ground corn, (C) ground, pelleted 
hay plus heated corn, and (D) ground, pelleted hay plus ground corn 
to eight lactating cows in a 4X4 Latin Square with 5-week periods. 
Rations C and D had a marked effect on milk fat composition as they 
observed a general decrease in saturated acids and an increase in 
unsaturated acids.
Brown et al. (5) observed that cows fed cotton seed oil had 
depressions in milk fatty acids of the Cg to range, with an 
increase in the C^g acids, but with no change in the C^g acids. The 
effect of feeding tallow was less than that of cotton seed oil, with 
most of the values being between those of cotton seed oil and the 
controls. Cotton seed oil and tallow showed their effects regardless 
of roughage level.
Hilditch et al. (42, 43, 47, 48) have shown that seed-oil feeds 
rich in C^g n-alkadienoic and trienoic acids do not effect the 
composition of the milk fatty acids produced from them. Yet, when 
feeds containing dodecanoic and tetradecanoic acids are fed, these 
acids increased in the fat produced. Characteristic polyethenoid C£q 
and C22 acids appeared in the milk fat when feeds contained fish oils.
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b. Temperature, humidity, and season
Due to changing nutrition and stage of lactation much of the 
literature on season as related to fatty acid composition has been 
difficult to Interpret. Some of these works have already been covered 
under nutrition.
Richardson et al. (102) studied fatty acid composition of milk 
from Holstein cows maintained in two climatic control chambers at 
65° F with 50% relative humidity and 85° F with 70% relative humidity. 
The production of Cg through C]^ n-alkanoic acids was significantly 
(P <  0.01) depressed at the elevated temperature and humidity. This 
was true for C^g n-alkanoic acid but the C^4 acid was not significantly 
different. They observed a reciprocal relationship between C-̂ g n- 
alkenoic and dienoic acids. The Cjg n-alkenoic acid declined (P <  0.05) 
and the dienoic acid increased at the elevated temperature and humidity. 
Lower Reichert-Meissl values were reported on summer fat by Cox and 
McDowell (10). Regan and Richardson (98) observed similar decreases in 
short chain fatty acids as measured by Reichert-Meissl values and an 
increase in iodine values at 95° F.
Frye et al. (23) observed an increase in the unsaturation in 
sutmner months. Similar observations have been made by Standhouders 
and Mulder (119) and Wood and Haab (136). Richardson et al. (102) 
have pointed out that the use of iodine values measure all the un­
saturation in addition teo the oleic acid which they reported to decline 
on elevated temperatures,
Stull and Brown (121) were unable, however, to show any signi­
ficant effect of season on the fatty acid composition of milk fat of 
three breeds of animals, namely, Holstein, Jersey, and Guernsey.
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c. Stage of lactation
Bartley et al. (3) and Hansen and Shorland (31) have reported 
rapid decreases in unsaturated fatty acids early in lactation with a
leveling off followed by an increase at the end. Yet, Holland et al.
(50) and Reiser and Dieckert (99) have reported a constant increase in 
iodine values and a decrease in short chain acids throughout lactation, 
Jack and Smith (56) have pointed out that it is difficult to differen­
tiate the effect of lactation from that of nutrition and changing 
diets. These thoughts were supported by Hansen and Shorland (31).
3. Gas chromatogranhy of milk fatty acids
James and Martin (57) gave the first gas chromatographic analyses 
of milk fat in 1952 and thus put a new and valuable technique in the 
hands of researchers. Since this original work several thousand 
research reports have been made. For this reason the foregoing dis­
cussion will be limited to research directly related to milk fatty 
acids determined by this technique.
Patton et al. (97) observed that, with the exception of methyl 
butyrate, the major fatty acids pose no problem in separation by gas 
chromatographic methods. Some minor components tended to "bunch" 
between C\2 an(̂  ^lb n-alkanoic acids. Operating conditions described 
for separation of 0 .2 microliters of methyl esters of milk fat were 
the use of a 9 ft by 1 mm column containing 40% diethylene glycol 
succinate polyester on 100-140 mesh celite, with a column temperature 
of 184° C , an argon pressure of 30 psi, voltage of 750 v, and a 
sensitivity of 3X10"8 amp.
Smith (112) devised a method by which methyl esters were extracted 
with ethyl chloride to give all the major and many of the minor fatty
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acids. The short chain fatty acids were more accurately determined 
by use of a variable chart speed of 200 to 20 Inches per hour. 
Separations were made on 6 ft X 1/4 in 0D stainless steel columns 
packed with 20% diethylene glycol succinate on chromosorb 35/80 mesh. 
Column temperature was 199° C and helium flow rate was 60ml/min.
A salting-out procedure with saturated potassium bisulfate 
solution was used by DeMan (13) in conjunction with a column tem­
perature of 78° C to resolve the short chain fatty acids.
Gander et al. (23a) used both methyl and butyl esters for 
separation of fatty acids of milk fat. Their hypothesis was that 
butyl esters were less volatile than methyl esters and, thus, would 
facilitate analysis of short chain fatty acids.
Jensen and Sampugna (62) adapted the method previously described 
for acetoxy-mercuri-methpxy derivatives of fatty acid methyl esters 
by Mangold and Kammereck (85). The adapted method utilised a combina­
tion of gas-liquid and thin-layer chromatography for both identifica­
tion and quantitation of fatty acids.
C. Lipase Activity In Milk
The enzyme lipase has been shown to be present in milk and is 
capable of hydrolyzing milk fat (92, 123). Several investigators 
(25, 3 3, 91, 110) have associated lipase with the casein fraction of 
milk. Patton (93) has suggested that any protein containing chemically 
unbound and sterically unhindered basic groupings is capable of acting 
as a lipase under suitable conditions of media and substrate.
Tarassuk and Frankel (126) found a "naturally active lipase" 
which was irreversibly adsorbed on the fat globule membrane material
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upon cooling freshly drawn milk and a "lipase of normal milk?1 associated 
with the caseinate fraction.
Herrington and Krukovsky (39) suggested that milk contains at
least two lipase systems on the basis of formaldehyde sensitivity.
This was later substantiated by work of Peterson et al. (95) and Roshen 
and Sommer (106). Harper et al. (33) obtained two protein fractions 
with lipase activity at pH optimums of 8 .6 and 7.0.
Frankel and Tarassuk (20) attributed the differential inactiva­
tion by acid and alkali treatments, light, hydrogen peroxide, copper, 
and formaldehyde to the presence in milk of multiple lipolytic enzymes 
of varying sensitivity.
However, Chandan and Shahani (7) found the lipase isolated from 
clarifier sediment to be distinctly different in its characteristics 
from other known milk proteins and enzymes. They further stated that 
it probably exists in milk as a physically adsorbed unit on casein 
particles. The homogenity was checked by gel electrophoretic and 
ultracentrifugal techniques. An elemental composition determination 
revealed carbon, hydrogen, nitrogen, sulfur, and phosphorus.
1. Estimation of lipolytic activity
Acid degree value, surface tension, and organoleptic techniques 
were suggested by Neilson (90) as three major methods for determina­
tion of lipolytic activity. All chemical methods devised have been 
direct or indirect measurements of free fatty acids.
Churning has been utilized by same investigators (26, 39) 
for extraction of fatty acids. Johnson and Gould (64) found that 
the solvent extraction gave greater recovery of fatty acids than the
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churning method. Tarrasuck and Frankel (124) substantiated this work 
by showing that about 75% of the short chain fatty acids are lost in 
the buttermilk.
A range of only 52 to 58% of the low molecular weight fatty 
acids were retained in an extraction-titration method described by 
Frankel and Tarassuk (19). The high molecular weight fatty acids 
were recovered at the rate of 95 to 100%.
Thomas et al. (130) described an extraction-titration method 
which utilized BDI reagent for fat extraction. Changes in free fatty 
acid content could be detected both below and about the level of taste 
and odor.
Harper et al. (34) utilized silicic acid columns for extraction 
of free fatty acids from whole milk. The method was shown to give 
higher acid degree values than the extraction-titration methods when 
the free fatty acids were higher than 2.3 (refers to ml normal base 
required to neutralize the free fatty acids in 100 g milk fat). The 
methods are equal in accuracy for values usually associated with normal 
milk (34) but the expense, speed, and simplicity of the Thomas et al. 
(130) method makes it superior in most instances.
2. Factors affecting milk fat hydrolysis
a. Physiological, chemical, and nutritional effects on 
hydrolytic rancidity
Rouchon (107) has listed breed, season, lactation number, stage 
of lactation, stage of pregnancy, and rate of cooling as factors 
directly related to acid degree value. Numerous earlier workers (1 , 9, 
17, 18, 22, 38, 49, 59, 6 8 , 92, 104, 105, 118, 127) also have noted the 
associative trend in stage of lactation especially in long lactations.
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Observations made by Herrington and Gunthrie (38) revealed no 
relationship between induced rancidity and stage of lactation.
However, they did state that stage of lactation was possibly a factor 
in spontaneous rancidity.
Various reports in the literature have related time before 
cooling (21, 95, 128), presence of heavy metals (12, 25), formalin 
(25, 39), sodium chloride (96), ferric ions (37), and time of exposure 
to a quartz mercury vapor lamp (66) to the lipase activity of milk.
Many investigations have been made in respect to the nutritional 
plane of lactating animals as related to the acid degree value of the 
milk. Johnson and Von Gunten (65) using a switch back design* observed 
higher "fat acid" values in milk from cows that received silage in 
contrast to those that received no silage. However, on each succeeding 
switch back the differences between the two groups became smaller.
Cannon and Rollins (6) reported that cows receiving poor quality 
hay and limited concentrates gave milk with higher acid degree values 
and greater susceptibility to agitation-induced rancidity than milk 
from cows on adequate roughage and full concentrate.
Lovell (83) found no significant differences in the acid degree 
values in the milk of cows fed medium or high levels of concentrate 
and roughage. High vitamin supplementation of these rations was also 
found to be non-significant.
Jensen et al. (60) studied the effect of a basal winter ration 
and a summer ration plus pasture on hydrolytic rancidity in milk and 
found the different feeding regimes had no significant effect on 
induced or initial acid degree values.
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Rouchon (107) observed higher acid degree values in milk produced 
during the hot summer months than at other times of the year.
The relationship of free volatile fatty acids to flavor develop­
ment has been studied by Harper et al. (32). Feed flavors were 
associated with increased levels of formic, butyric, and caprylic 
acids and rancid-flavored milk had higher levels of butyric, caproic, 
caprylic, formic, and acetic acids.
Kolar and Mickel (71) observed increases in flavor score (1.0 = 
not rancid, 2.0 = slight rancid, 3.0 * distinct rancid, and 4.0 = 
pronounced rancid) with an increase in C4 - Cg n-alkanoic acids but 
did not observe any consistent patterns with the Cj_, C2 , and C3 acids.
b. Physical factors
Jensen et al. (63) in their studies on the physical acts of milking 
found that acid degree values were markedly increased in milk handled 
via the pipeline system as compared to the bucket milking system.
Dunkley and Kelly (16) have reported in detail on the detri­
mental effects of excessive agitation and foam in pipelines with risers, 
excessive elbows, excess air admission at the claw, leaks in vacuum 
releasers, and long lines. Continuous milk pump operation was also 
cited as a source of excess agitation. Vertical risers in milk pipe­
lines because of severe agitation of milk were cited by Speer et al.
(118) as the greatest single factor contributing to rancidity in milk.
Demott and Brandt (14) utilized a simulated milker which involved 
the bubbling of air through a column of milk. They noted that surface 
tension values werp proportional to the amount of air introduced and 
level of rancid flavor present.
Tarassuk and Frankel (125) have shown foam formation, per se. 
to be the significant factor in agitation-induced lipolytic activity. 
They noted that inert gases used to produce foam gave the same degree 
of activation as when air was used.
III. EXPERIMENTAL METHODS
A, Statement of the Problem
A long term study of milk fat decomposition, was carried on in 
two parts. Part I was a study of the interrelationships among phos­
pholipid content, fatty acid composition, and milk fat hydrolysis 
expressed as acid degree values. Part II was a study of the relation­
ships of milk pipeline height and time in a Waring Blendor with 
developed acid degree values.
B. Experimental Design
1 . Interrelationship of phospholipid content, fatty acid composition. 
and acid degree values
a * Trials, periods, and animal a
Two trials were conducted in which eight Holstein and eight 
Jersey lactating cows from the Louisiana State University milking 
herd were used. Each trial included four 2-week periods. The first 
was conducted in May and June of 1962, and the second was in August
and September of the same year. The animals selected for the trials
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had been in lactation not less than two months and not more than six 
months.
b. Collection and care of samples
Duplicate samples of milk were taken from the whole evening 
milking at bi-weekly intervals. One sample was immediately pasteurized 
and used for the determination of spontaneous acid degree value while




acid degree values were determined. The difference between the 
spontaneous value and the 48 hr value was termed developed acid degree 
value. Phospholipid concentration and fatty acid composition were 
also determined on the second sample,
c. Chemical analyses
(1) Phospholipid concentration
Phospholipid concentration was measured by analyzing for 
phosphorus in the fat. The method utilized was that of Kuttner and 
Cohen (77) as modified for milk by Greenbank and Pallansch (27) . Milk 
fat samples weighed about 0.3 g rather than the prescribed 3,0 g so 
the dilution was to 10 ml rather than 100 ml. Mojonnier methods were 
used for obtaining fat for the phosphorus determination. Three 
extractions were made on a 10 ml sample of milk to insure good collec­
tion of phospholipids. The extracted milk fat was placed in crucibles 
with about 0.3 g of filter paper (Whatman number 40 ashless) and held 
in a furnace at 500° C until no carbon was visible. The resulting 
ash was diluted in water to 10 ml and a 5 ml portion of the solution 
was used for phosphorus determination. Color was developed using a 
sulfuric acid-sodium molybdate solution and a stannous chloride 
solution which gave a phosphomolybdenum blue that was quantitative at 
500 mu as measured in a Bausch and Lomb Spectronic 20. Phospholipids 
were calculated by multiplying phosphorus by 25.00 and was reported as 
per cent of the fat or grams phospholipid per 100 g of fat.
(2) Fatty acid composition
Milk fat for fatty acid determination was extracted by the 
BDI method and stored in about 0.2 g portions in glass ampules sealed 
under nitrogen. Sealing the samples facilitated analyzing of all 
samples at one time.
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The method of Smith (112) was used for methyl ester preparation, 
column building, and methyl ester eluation. A Barber-Coleman model 
10 gas chromatograph equipped with a Wheelco recorder and lntergrator 
was used for separation and analysis. The method included preparation 
of methyl esters by dissolving about 0 .2 g fat in 2 ml of ethyl chloride 
and heating at 50° C for one hour in the presence of methanolic ROH.
The esters were extracted after one hour with ethyl chloride and the 
solvent was allowed to evaporate at room temperature for two hours.
Separations were made of 0.1 ul of methyl esters of fatty acids 
on a 6 ft by 1/4 in column containing 20% diethylene glycol succinate 
on 35-80 mesh celite. Column temperature was 199° C argon pressure 
was 40 psi, argon flow rate was 25 ml/min, sensitivity was 3 X 10"^ 
amp, and chart speed on the recorder was 180 in/hr.
Fatty acid composition was calculated as area percentage and 
corrected by factors derived by Smith (112) since extraction methods 
were identical.
(3) Acid degree value
Acid degree values were determined by the solvent extraction 
method devised by Thomas et al. (130). Fat was recovered from 35 ml 
of milk using BDI reagent (a mixture of a nonionic surface-active 
agent and sodium tetra phosphate, "Calgon", in water) for separation.
The extracted fat was then dissolved in petroleum ether and absolute 
ethanol or n-propanol and titrated using 0.02 N alcoholic KOH with 
phenolphthlein as an indicator. The acid degree value was reported 
as the milliters of normal base required to neutralize the free fatty 
acids in 100 g of fat.
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d. Statistical analyses
The experiment was a 2 X 4 X 2 factorial. The factors included 
trials, periods, and breeds. Breeds were considered fixed and trials
and periods were considered random.
Composition of fatty acid methyl esters were calculated as area 
percentages and the undefined percentage of the total area under the 
chromatograph was deleted from all analyses.
Analyses of variance were calculated for phospholipids, each 
of the even numbered n-alkanoic fatty acids from C4 to Cjg , and for 
both spontaneous and developed acid degree values.
All possible simple correlations were calculated between the 
phospholipid concentration, each of the even numbered n-alkanoic 
fatty acids from to C^g, and with both spontaneous and developed 
acid degree values.
A regression analysis was carried out using developed acid 
degree value as the dependent (Y) variable and phospholipid concen­
tration, and C4 , C6, Cg, C10, C].2> C14» C16» and c18 n-alkanoic acids 
were the independent variables XI, X2, X3, X4, X5, X6 , X7, X8 , and 
X9, respectively.
All statistical analyses were carried out according to the 
methods described by Snedecor (116) .
2 , Relationship of pipeline height and time in a Waring Blendor with 
acid degree value increase
a. Simulated milker
A simulated milking system (Fig. 7) was designed to give an in 
vitro type method of determining variations in acid degree value 







Fig. 8 . Wood frame far the support of the simulated milking system.
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of the system was constructed of 2 X 4 inch soft pine. The simulated 
udder was made by inserting four calf feeder nipples at equal distances 
in the bottom of a 12 quart pail. The catch pail (used as a non­
cooled bulk tank) was made by making an adaptation (Fig. 9) in the lid 
of a Delaval milker pail. The weigh pail, breaker cup with accessories, 
and pipeline with necessary fittings for connecting were of the regular 
"Surge-Milker" type.
(1) Systems and heights
Two systems were employed in the simulated milker study.
The first system utilized a weigh pail. Milk was pumped from the 
breaker-cup to the weigh pail and on completion of milking the 
entire contents of this pail were allowed to flow to the milk pipeline 
in a continuous flow. The second system was without a weigh pail and 
milk was pumped directly to the milk pipeline from the breaker cup.
Pipeline heights ranged from -2 to 6 feet at two foot increments 
as measured from the base of the udder. The pipeline could be raised 
or lowered by clamps and chains designed for this purpose.
(2) Collection and analyses of samples
Ten portions of milk for the simulated milker study were 
taken at random from the University dairy herd using approximately 
equal amounts of Holstein and Jersey milk for each portion. The milk 
was transported to the simulated system in 10 gal cans (without 
cooling) immediately after milking. Each portion of milk from the farm 
was carried through each system and height combination yielding 10 
samples from each portion of milk. Samples were divided and one 
fraction was immediately pasteurized for determination of spontaneous 
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held for 48 hours. After this period of time the latter fraction was 
analyzed for acid degree value and the difference of the two analyses 
or the developed acid degree value was used in the subsequent statis­
tical analyses.
(3) Statistical analyses
The experiment was a 2 X 5 factorial. An analysis of 
variance was calculated using height as a random factor and system as 
a fixed factor. The 10 portions of milk served as replications in 
the analysis.
A curvilinear regression was fitted through the quadratic 
function with acid degree value being the dependent (Y) variable and 
height being the independent (X) variable.
The statistical analyses were carried out according to the 
methods described by Snedecor (116).
b. Waring Blendor investigation
Each portion of milk collected for the simulated milker was 
also subjected to agitation in a partially filled (400 ml) Waring 
Blendor for varying periods of time.
(1) Speed and time in the Waring Blendor
The blendor speed was controlled by using a setting of 
35 v on a Powerstat type 116 variable transformer and each sample of 
milk was subdivided and agitated for times: 0, 15, 30, 45, and 60
seconds.
(2) Collection and analvses of samples taken from the 
Waring Blendor
Duplicate samples were taken from each agitation time of 
each portion of milk. One sample was immediately pasteurized and
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analyzed for spontaneous acid degree value and the other sample was 
cooled to 4° C and held 48 hours. After this holding time the samples 
were analyzed for acid degree value and the difference between the
two analyses was used in the statistical analysis.
(3) Statistical analysis
These data were subjected to curvilinear regression through 
the quadratic function with acid degree value being the dependent 
(Y) variable and time in seconds being the independent (X) variable,
c. Farm pipeline study
After completion of the simulated system and Waring Blendor 
studied, the pipeline was moved to the farm to utilize the system 
under actual milking conditions using lactating cows from the Univer­
sity milking herd.
(1) Selection of animals
Lactating Holstein cows were selected at random from the 
first herd milked at the milking parlor. The feeding and management 
practices were similar for all animals and for each collection period.
(2) Collection and analyses of samples
Duplicate samples were taken from each animal at each 
collection period. One sample was immediately pasteurized and analyzed 
for spontaneous acid degree value and the other sample was cooled to 
4° C and held 48 hours. Differences between the two analyses were 
used in statistical analysis.
(3) Statistical analysis
A 4 X 4 Latin Square design was employed using four cows, 
four days, and four heights. Cows were placed in the Latin Square at 
random subjeqt to the usual restrictions of this experimental design.
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Variation between cows and between days was removed by this design 
allowing a more accurate measure of the variation.between heights.
The experiment was replicated three times and the analysis was 
carried out on the combined data.
IV. RESULTS AND DISCUSSION
A. Interrelationships of Phospholipid Concentration,
Fatty Acid Composition, and Milk Fat Hydrolysis
1. Phospholipid concentration
The means of phospholipid concentration for all collection periods 
are presented in Table 5. The overall mean was 0.7394 g phospholipid 
per 100 g of milk fat with a standard deviation of 0.2665 g. These 
values fall in the normal range of phospholipid concentration as 
reported by Jeness and Patton (58) . Moor and Moss (89) have reported 
ranges of 0 to 1.7% phospholipid in the fat. However, no samples 
analyzed in this study were void of phospholipids in the fat.
The phospholipid concentration for all samples is given in 
Appendix Table 1. There was considerable variation in the phospho­
lipid concentration. Yet, the amount of variation was within a small 
range which would yield more meaning to the low significant correla­
tion (Table 11) which is discussed later. The mean for the Holstein 
breed was 0.8118 g and the Jersey breed mean was 0.6668 g. This 
difference as well as other factors of the analysis of variance 
(Appendix Table 14) were not significant.
2• Fatty acid composition
The overall means and standard deviations of the n-alkanoic 
acids area percentages appear in Table 6. Figure 10 is a typical 
chromatograph of the milk fatty acids in this study. Several small 
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They would appear to be both odd numbered carbon chain length fatty 
acids and unsaturated fatty acids since similar peaks were reported 
by Smith (112) and identified as such. The C^g is apparently composed 
of both Cjg n-alkanoic and alkenoic acids since the latter was not 
observed in a separate peak and the area percentage of C^g n-alkanoic 
is usually not so large in milk fat.
Means of fatty acids exhibiting significant differences (Appendix 
Tables 15, 16, 18, 19, 20, 22) between trials and between breeds are 
reported in Tables 7 and 8 , respectively. Means of fatty acids showing 
significant differences (Appendix Tables 16, 17, 18, 19, 20, 21) in the 
trial by period interactions are presented in Table 9. Although the 
experiment was not designed to control rations, the changes in rations 
as associated with fatty acid changes throughout the experiment were 
interesting to note. There was a general increase in pasture quality 
during the first three periods of the first trial followed by a decline 
until the fourth period of the second trial at which time it again 
increased. The Cg, Cg, C^q, c12> an<* ^14 n-alkanoic acids decreased 
during the first trial and increased during the second trial. The 
C^g n-alkanoic acid had the reverse effect. The research of Jensen 
(61) was on summer and winter rations but'similar trends were observed 
with pasture supplement.
The and C^g n-alkanoic acids exhibited significant differences 
(Appendix Tables 15 and 2 2, respectively) between the two trials 
(Table 7). The C4 acid was higher (P <  0 .01) in August and September 
than in May and June while the C^g exhibited the reverse effect. It 
should be noted, however, that C^g n-alkanoic and alkenoic acids were 
not separated in this work. There is usually a negative relationship
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TABLE 7
Means of fatty acids exhibiting 
significant differences between trials




August and September 3.24 34.21
** Significant at P <  0.01.
TABLE 8
Means of fatty acids within breeds where 
significant differences between breeds appeared
Breed c 6** Cio** C12** C14* Cis**
Holstein 1.80 2 .2 5 2 .3 8 11.12 37 .63
Jersey 2 .1 8 2 .9 4 2 .9 5 11.60 34 .34
* Significant at P <  0.05.
** Significant at P <  0.01.
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TABLE 9
Trial X period interactions means of 
fatty acids where significant
Trial and 
period c6** 8 Cio** Cl2** Ci4** C16**
( a M a
TIPI 2.35 1.29 3.08 2.96 11.93 29.74
T1P2 1.96 1.08 2.49 2,7.7 11.37 29.48
T1P3 1,37 1.06 2.30 2.55 11.29 31.84
T1P4 1.65 1.13 2.39 2.43 11.05 33.02
T2P1 1.78 0.91 2.09 2.28 10.44 35.61
T2P2 2.35 1.18 2.91 2.67 11.51 33.75
T2P3 2.35 1.28 2.65 2.62 12.02 32.88
T2P4 2.13 1.34 2.86 3.06 11.23 28.66
** Significant at P <  0.01.
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between the two which may yield a non-significant difference since the 
two trials were carried out in essentially the warm season.
Breed differences were significant for Cg, Cjq, C^2 » Cja* an<*
Cjs n-alkanoic acids (Table 8). The milk fat from the Jersey breed 
had higher mean area percentages for Cg, Cio» c12 > and C14 n-alkanoic 
acids while the Holstein breed was highest for C^g n-alkanoic acid. 
This supports the findings of Stull and Brown (121) for differences 
between the two breeds.
A comparison of fatty acid area percentages with those reported 
by other investigators is presented in Table 10. It can be noted on 
the chromatogram (Fig. 10) that the short chain acids "bunched" very 
badly yielding accurate intergration counts very difficult in this 
region. Chromatograms presented by Fatton et al. (94) also revealed 
this difficulty. They resolved the problem by determining C4 
n-alkanoic acid by use of the column method described Keeney (67).
This along with the room temperature, during evaporation of the ethyl 
chloride, being variable may have caused a selective loss of the C4  
n-alkanoic acid. The other n-alkanoic acids appear to be within 
the range of other research reports. Due to lack pf separation of C-̂ g 
component acids it cannot be accurately cqmpared.
3* Acid degree values
Spontaneous and developed acid degree values for all samples 
appear in Appendix Tables 10 and 11, respectively. There were no 
significant differences (Appendix Tables 23 and 24) between any of 
the factors considered. The three-way interaction was significant 
for developed acid degree values but the meaning of this value would 
be extremely difficult to explain.
TABLE 10
A comparison of fatty acids area percentages of the present 



















-- area % area % wt % wt % area % % methyl 
esters
C4 3.01 3.5 3.46 3.6 ------- —
C6 1.99 1.4 2 .22 2.3 0.089 -------
c8 1.16 1.1 1.27 1 .2 0.77 1 .6
C10 2.60 2.7 2.71 2 .8 2.15 3.3
C12 2.67 3.9 3.10 2.9 2.78 3.5
c14 11.36 12.7 10.30 10 .0 9.88 10 .8
C16 31.87 34.4 28.19 24.8 30.99 25.5
c18 35.98/^ 11.6 10.70 11.9 14.61 13.4
L&. Probably a combination of C^g n-alkanoic and alkenoic acid.
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Acid degree values reported here are of the normal range usually 
associated with milk handled under these conditions. Some of the 
spontaneous acid degree values were quite low but the mean of 0.466 
is of the magnitude of expected values. The mean developed acid 
degree value was 1.356. Rouchon (107) reported spontaneous acid 
degree values on the University herd to average about 0.6 which is 
above values obtained in this study. Therefore, it appears that the 
milk utilized in this study was low in spontaneous acid degree values 
and not necessarily susceptible to developed rancidity.
4. Interrelationships of milk fat constituents studied
All possible simple correlations were calculated between phos­
pholipid concentration, C^, Cg, Cg, C^q, Cj2 » C^g, and C^g n-
alkanoic acids, and both spontaneous and developed acid degree values. 
These correlations are presented in Table 11.
As was expected at the onset of the research, the correlation 
between phospholipid concentration and developed acid degree value 
was negative and significant (P <  0.05). The correlation is quite 
small but with the small amount of variation it is probably very 
meaningful. Since phospholipids are associated with membrane material 
(69), this correlation may be of great importance. It could possibly 
be a measure of the amount of "membrane" material which could essen­
tially control the action of lipase on the triglycerides by preventing 
contact of the two. If the phospholipid concentration, per se. con­
trols this contact then it may be beneficial to attempt to place more 
phospholipid on this surface. Greenbank and Pallansch (27) showed 
that at low pressures, homogenization acts simply as agitation and
TABLE 11
Simple correlation coefficients between all Independent variables 
and spontaneous and developed acid degree value
XlZ^ X2 X3 X4 X5 X6 X7 X8 X9
YlZk -0.082 0.153 0.054 0.173* 0.098 0.086 0.128 -0.099 -0.164*
Y2 -0.182* -0.058 -0.181* -0.205* -0.184* -0.189* -0.096 0.249** 0.026
XI 1 .000 0.045 -0.035 -0.119 -0.189* -0.063 -0.082 -0.108 -0.044
X2 1.000 0.580** 0.332** 0.071 -0.064 -0.088 -0.072 -0.228**
X3 1.000 0.501** 0.537** 0.320** 0 .201* -0.096 -0.317**
X4 1.000 0.448** 0.364** 0.177* -0.333** -0.141
X5 1.000 0.757** 0.498** -0.201* -0.273**
X6 1.000 0.374** -0.209* -0.230**
X7 1.000 0.072 -0.136
X8 1.000 -0.272**
X9 1.000
Z§. XI - Grains phospholipids/100 g fat, X2 = C4 , X3 = Cg, X4 = Cg, X5 = Cjq, ^6 = Cl2> ^7 = ^14* X8 =
Cjg, and X9 “ G^g n-alkanoic acid area percentages.
Zk Y 1 * Spontaneous acid degree value and Y2 = Developed acid degree value.
* Significant at P <  0.05.
** Significant at P <  0 .0 1.
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that the phospholipids migrated away from the fat. Yet, when pressures 
in the range of 6 ,0 0 0  to 8 ,0 0 0  psi were applied the phospholipids 
tended to migrate to the fat portion from the aqueous phase. Zt may 
be beneficial to attempt such experiments to determine the true effect 
of phospholipid concentration on the development of acid degree value.
The Cg, Cg, C^o» and c12 n-alkanoic acids were negatively cor­
related with acid degree value increase and the C^g n-alkanoic acid 
was positively correlated. Therefore, C^g n-alkanoic acid is the 
only fatty acid that acts in a manner as was expected of certain short 
chain fatty acids at the onset of the research. Based on research by 
Kolar and Mickel (71) in which an increase in C^ - Cg n-alkanoic 
acids was associated with rancid flavor of milk and the substantiating 
work of Harper et al. (32) it was expected that some of the short chain 
acids would be positively correlated.
Several fatty acids were correlated with other fatty acids. One 
of interest was the significant (P <  0.01) negative correlation between 
Cj_g and C^g n-alkanoic acids since previously this relationship has 
been noted frequently (94, 115). Yet, in the present study, the C^g 
is probably a combination of n-alkanoic and n-alkenoic acids which 
places less reliability in this correlation. It can be seen that all 
the fatty acids between C^ and Cj^ n-alkanoic acids are positively 
orrelated when they are significant and the Cig and Gis n-alkanoic 
acids exhibit only negative correlations. It appears that all the 
fatty acids within the two ranges of carbon chain length function as 
two groups Brown et al. (5) observed similar changes in the Cg to 
n-alkanoic acids and the Cjg* hut no change was noted for the Cjg 
n-alkanoic acid when feeding certain oils. This is the only mention
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of this relationship in literature reviewed. The fact that this 
relationship exists may be of some benefit in explaining related 
flavors often associated with rancidity. Rouchon (107) noted related 
flavors and later obtained significant correlations between flavor 
score and spontaneous acid degree values. This may be indicative of 
other acids causing associative off flavors since they seemingly act 
as groups.
A regression analysis was run using developed acid degree value 
as the dependent (Y) variable and phospholipid concentration and C4 , 
Cg, Cg, C^Qs C12, C1.4 , Ci6 , and C^g n-alkanoic acids as independent 
(X) variables. The only significant partial regression coefficients 
were phospholipid concentration and C^g n-alkanoic acid and these were 
significant at the 10% level of probability.
The multiple correlation coefficient (R ■ 0.3626) gives an in­
dication of the prediction power of the regression equation (Table 
12). Actually only 13.15% of the variance in developed acid degree 
value was due to the regression on the independent variables.
B. Relationship of Milk Pipeline Height and Time of 
Agitation in a Waring Blendor to Acid Degree Value 
Increase
1. Simulated milker study
A total of 100 samples were taken from all possible combinations 
of the two systems (with and without a weight pail) and five milk- 
pipeline heights (-2, 0, 2, 4, and 6 ft as measured from the base of 
the udder) in the simulated system. The mean developed acid degree 
values of the various heights were: 0,33 for -2 ft, 0.27 for 0 ft,
0.19 for 2 ft, 0.20 for 4 ft, and 0.22 for 6 ft (Appendix Table 12).
TABLE 12
Data from multiple regression analysis for all samples
XI X2 X3 X4 X5 X6 X7 X8 X9
b -0.844 0.045 -0.229 -0.203 0.006 -0.149 -0.057 0.061 0.007
sb 0.429 0.152 0.260 0.424 0.290 0.279 0.099 0.032 0.027
t 1.967* 0.298 -0.880 -0.478 0.019 -0.534 -0.574 1.944* 0.261
X 0.739 3.009 1.994 1.160 2.596 2.667 11.357 31.873 35.984
Y = 1.356 n « 128
R = 0.3626 a * 1.351
tSL XI « Grams phospholipids/100 g fat, X 2 C 4, X3 - Cfi, X4 - Cg, X5 - C1Q, X6 = C12, X7 * C14, X8 « 
Cjg, and X9 “ Cjg n-alkanoic acids area percentage.
* Significant at P <  0.1.
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Differences between heights were significant at the 1% level of proba­
bility (Appendix Table 25). Orthogonal comparisons revealed the only 
real difference to be between -2 and 0 ft when compared to 2 , 4, and 
6 ft. The system utilizing no weigh pail had lower (P <  0.05) 
developed acid degree values than the one with a weigh pail.
The values found were quite different from those expected at 
the onset of the study. Previously it was assumed that an increase in 
pipeline height would give increased acid degree values. Above a 
certain height this seems to be true but in this simulated system 
at the levels below the udder this was not the case. A possible ex­
planation is that the gravity pull with the added vacuum moves milk 
more rapidly, particularly in the milk hose from the breaker cup to 
the milk line causing greater turbulence and foam formation which 
has been shown to be condusive to high acid degree values. In the 
levels above the udder the gravity pull is in the opposite direction 
from the vacuum, probably permitting smoother movement of "slugs" of 
milk to the pipeline. It was also noticed that as milk flows down­
ward under vacuum, air remains over it at all times allowing more 
foaming by incorporation of the air into the milk. There is probably 
a relationship of smoothness or roughness of flow that gives various 
acid degree values due to the type of foaming that takes place when 
milk enters the large glass line at different heights. There was 
also a noticeable difference in the stability of the foam at different 
heights. This was true in both systems when comparing different 
heights. The lower heights resulted in very stable foam while the 
elevated heights gave an apparent weak foam. This stable foam may
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be condusive to a removal of large amounts of surface material from 
the globule causing an easier contact of triglycerides by the lipase.
When the weight pall was utilized in the system the developed 
acid degree values were higher (P <  0.05) than without it. It was 
previously thought that the system with the weigh pail would yield 
lower values due to its allowing all the milk to flow through the line 
at one time without foaming because of the line being filled. The 
only explanation to be advanced here is that milk entering the weight 
pail possibly receives more agitation in this process than in direct 
pumping due to the splashing effect upon entrance to the weigh pail.
A curvilinear regression of developed acid degree value on 
height of pipeline was fitted through the quadratic function. The 
calculated curve appears in Fig. 11. According to the curve, a 
height of about three feet above the udder of the system seems to 
yield the lowest developed acid degree values. If vacuum release 
valves could be incorporated in the system to allow milk to flow by 
gravity alone to the levels below the simulated udder then it is 
probable that this difference between heights would change and the 
lower levels would receive less agitation, therefore, acid degree 
values would be lowered at these levels.
2. Waring Blendor study
Samples of each portion of milk collected for the simulated 
udder were subjected to agitation for varying periods of time in 
a Waring Blendor to study the effect of controlled agitation on 
developed acid degree values.
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Fig. 11. Regression Curve for Simulated Milking System,
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time in the blendor (Appendix Table 13). The times used were 0, 15,
30, 45, and 60 seconds. A curvilinear regression of developed acid 
degree value on time in the blendor through the quadratic function 
was calculated. This regression curve appears in Fig. 12.
Results of this study indicate a close relationship between
agitation and developed acid degree (R2 ■ 0.69). Since this relation­
ship exists, changes in developed acid degree values at various heights 
of milk pipeline should be related to agitation. The causative factor 
related to this increase in developed acid degree value due to agita­
tion is probably the excess foam formation at the longer agitation 
times causing an easy contact of lipase with triglycerides due to the
removal of "membrane" materials. More stable foam was noticed in the
blendor after the longer periods of agitation time. The surface 
forces in the stable foam possibly cause a stronger pull on the "mem­
brane" which brings about some removal of materials associated with 
it.
3. Farm pipeline study
Three replications of a 4 X 4 Latin Square using four heights 
(-2 , 0 , 2, and 4 ft from the base of the udder), four cows, and four 
consecutive days in each replication were used.
The mean developed acid degree values for the four heights of 
milk pipeline were: 3.63 for -2 ft, 3.17 for 0 ft, 3.69 for 2 ft,
and 3.65 for 4 ft. These differences were not significant (Appendix 
Table 26) . The simulated milking system revealed differences between 
heights of milking pipeline. PosBibly the difference between the 

















Fig. 12. Regression curve for the Waring Blendor Btudy.
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milks were selected for the simulated system that were more susceptible 
to lipase action. The effect of extra handling of milk for the simulated 
system may have caused :the difference. The simulated system used milk 
collected at random on 10 consecutive days but represented the second 
milking since cows were milked and the milk was pumped through the 
simulated udder. However, the effects of days and cows were taken 
out in the study under actual milking conditions by the design used.
The Waring Blendor study showed a definite relationship between 
agitation time and developed acid degree value. With this in mind it 
is difficult to understand why the system used under actual milking 
conditions did not show differences while the simulated system with 
more control did reveal differences.
C. General Discussion
The present study was intended to contribute to the limited 
knowledge of both interrelation of certain milk fat components and 
the knowledge of design of milk pipeline installations.
It is hoped that the study of milk fat composition undertaken 
here shall add to the ideas of causative mechanisms associated with 
rancidity and possibly aid in directing future research in this area.
The fact that there was a significant relationship between phos­
pholipid concentration and developed acid degree value is of interest.
It is hoped this will inspire more research on the study of possible 
relationships between "fat globule membrane" materials and developed 
acid degree value. Future research in this area may possibly include 
studies on relationships of total "membrane" weights, individual phos­
pholipids, and the migration of phospholipids by agitation to developed 
acid degree values.
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From the present study on milk pipeline heights it appears that 
a pipeline located about three feet above the udder surpasses other 
heights in control of developed acid degree values. However, before 
any definite recommendations on pipeline design can be made more 
research is a necessity. Future research could possibly include 
relating flow rates and Reynolds Numbers to increases in acid degree 
values.
V. SUMMARY
An experiment was conducted involving two groups of factors 
possibly related to rancidity in milk. The first was a study of 
interrelationships of phospholipid concentration, fatty acid composi­
tion, and both spontaneous and developed acid degree values. A total 
of 16 Holstein and 16 Jersey lactating cows were used over two trials 
with four periods each. The first trial was in May and June and the 
second in August and September.
There were trial differences observed for C4 and Cjg n-alkanoic 
acids and breed differences for the Cg, C^o* C1 2, Cl4, and C18 n- 
alkanolc acids. In the regression analysis of this composition in­
vestigation, the phospholipid concentration and the Cx6 n-alkanoic 
acid were the only significant (P <  0.1) regression coefficients. The 
first was very encouraging since it is associated with the "membrane'1 
material and its concentration may control lipase action to a certain 
extent. It may be an indication of the thickness or amount of 
"membrane" material present. If this is true then the thicker the 
"membrane" the lower the developed acid degree will be.
There appears to be a relationship between the C4 to C^4 n- 
alkanoic acids and the Cig and n-alkanoic acids which may aid in
explaining some of the related flavors to rancidity. These acids 
seem to function as groups.
The second phase of this research was an investigation of the 
relationships that exist between milk pipeline height and time in a
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Waring Blendor to developed acid degree values. To accomplish this 
phase a simulated udder to be utilized in a pipeline system was 
designed. The height o£ the pipeline and systems were the only known
variables. Heights utilized ranged from -2 to 6 ft at 2 ft increments. 
£ach portion of milk collected was pumped through each height with 
each system (with and without a weigh pail) giving a total of 100 
samples. Some of each portion was also subjected to varying times in 
a Waring Blendor to test the effect of controlled agitation on developed 
acid degree values. The pipeline was later moved to the farm to be 
tested under actual milking conditions by using four cows, four days, 
and four heights in a Latin Square design. This portion was repli­
cated three times.
The system utilizing the simulated udder revealed significant 
differences between systems (P < 0.05) and between heights (P < 0.01). 
The system utilizing a weigh pall had higher developed acid degree 
values. The regression of developed acid degree value on height 
indicated a height of about three feet above the udder of the system 
to yield lowest developed acid degree values. A aurvilinear regres­
sion was fitted to the data collected with the Waring Blendor through 
the quadratic function. When the pipeline system was utilized under 
actual milking conditions, differences in heights were non-significant.
VI. CONCLUSIONS
The results of this experiment were rather conclusive In demon­
strating a negative relationship between the phospholipid concen­
tration and developed acid degree value. An indication was that the 
amount of "membrane" material on the fat globule has a controlling 
influence on lipase activity. Of the fatty acids the C^g n-alkanoic 
acid seemed to be the main contributor to free fatty acids as caused 
by lipase action.
There were definite differences between Holstein and Jersey 
breeds for the Cg, C^q, Cj£, ^14» an<* ^18 n-alkanoic acids. The 
Jersey milk had higher concentrations of Cg, Cjq, Cj^* and C ^  n- 
alkanoic acids and the Holstein was higher in C^g n-alkanoic acid.
It should be noted, however, that Cjg n-alkanoic and alkenoic acids 
were not separated. Therefore, the actual difference was not clear 
in the C^g n-alkanoic acid.
The simulated system defines about three feet above the udder 
as the mllk-pipeline height that gives the lowest developed acid 
degree value. However, the systems under actual milking conditions 
revealed no differences. Therefore, no definite conclusions on 
design of pipeline are forwarded in this thesis.
A definite relationship between amount of agitation and 
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APPENDIX
APPENDIX TABLE 1
Per cent phospholipids of milk fat samples during the two trials
Trial 1 Trial 2
Cow Periods Cow Periods
Breed No. 1 2 3 4 No. 1 2 3 4
Holstein
172 0.934 0.633 0.570 0.559 438 0.803 1.108 0.329 0.614
349 0.377 1.013 0.857 0.890 560 0.469 0.872 0.263 0.509
354 0.375 0.799 0.779 0.987 508 0.673 1.134 0.417 0.922
378 1.309 0.544 1.159 0.962 513 0.771 0.733 1.337 0.760
472 1.366 0.903 0.769 0.745 536 0.866 1.170 0.809 0.870
502 0.930 0.817 0.760 0.679 554 1.041 1.123 0.697 0.888
513 0.664 1.180 0.542 0.752 556 0.604 0.985 0.483 1.028
534 0.420 1.453 0.652 0.880 558 0.956 0.681 0.919 0.860
Jersey
A-4 0.266 0.903 0.613 0.896 A-7 1.216 1.017 1.048 0.473
F-16 0.573 0.863 0.549 0.979 A-9 0.714 0.327 0.813 0.759
F-24 0.607 0.919 0.768 0.712 A-12 0.826 0.439 0.986 0.959
F-94 0.235 0.690 0.273 0.427 A-15 0.341 0.179 0.309 0.874
G-48 0.271 0.759 0.742 0.989 A-19 0.458 0.499 0.617 0.995
G-67 0.648 0.976 0.532 0.620 F-92 0.509 0.516 0.885 0.974
G-69 0.579 1.013 0.505 0.372 G-79 0.975 0.304 0.832 0.539
H-80 0.659 0.882 0.265 0.389 H-83 0.633 0.645 0.833 0.713
Period Av. 0.638 0.897 0.646 0.740 0.740 0.733 0.724 0.796
APPENDIX TABLE 2
Area percentage of C4 n-alkanoic acid during the two trials
Trial 1 Trial 2
Cow Periods Cow Periods
Breed No. 1 2 3 4 No. 1 2 3 4
Holstein
172 4.59 2.55 2.48 3.75 438 5.70 3.60 2.58 3.06
349 1.39 2.80 2.26 1.99 460 3.37 4.05 3.53 2.21
354 3.74 2.88 2.81 2.68 508 4.84 0.87 4.76 4.19
378 3.04 2.06 2.29 3.09 513 3.23 2.35 2.05 3.47
472 1.59 2.57 2.54 2.23 536 3.52 2.40 4.46 1.93
502 4.39 3.28 2.63 3.04 554 5.08 3.67 4.09 2.13
513 3.63 3.26 3.17 3.08 556 2.55 3.09 2.12 1.97
534 1.61 2.87 1.73 1.80 558 2.45 1.81 2.65 2.92
Jersey
A-4 2.17 2.89 2.48 2.64 A-7 3.57 4.51 6.41 3.69
F-16 3.95 2.86 2.10 3.77 A-9 2.78 1.35 3.66 3.48
F-24 6.28 2.87 1.90 2.84 A-12 2.30 3.87 2.75 3.56
F-94 2.52 2.58 2.35 2.62 A-15 2.68 2.36 5.97 2.98
G-48 2.63 2.50 2.77 2.86 A-19 3.50 2.38 3.01 3.13
G-67 2.41 2.83 2.75 3.13 F-92 3.73 3.04 3.14 6.00
G-69 1.54 1.53 2.21 3.29 G-79 2.84 3.09 2.87 3.12
H-80 3.01 3.38 3.29 3.35 H-83 3.51 2.77 3.30 2.07
Period Av. 3.03 2.73 2.48 2.89 3.48 2.76 3.58 3.12
APPENDIX. TABLE 3
Area percentage of 05 n-alkanoic acid during the two trials
Breed






1 2 3 4 1 2 3 47.\ (av'aa
Holstein
172 3.03 1.43 1.33 1.77 438 2.17 2.54 1.32 3.06
349 1.26 1.88 1.54 1.02 460 1.12 2.27 2.07 1.73
354 2.42 2.11 1.43 1.65 508 2.17 0.77 2.06 2.36
378 2.15 1.39 0.78 1.13 513 1.77 1.81 1.32 2.73
472 1.87 1.47 1.20 1.05 536 1.59 1.88 3.50 1.56
502 3.02 2.19 1.38 2.02 554 1.94 2.40 2.82 1.95
513 1.17 2.13 1.49 1.45 556 1.40 2.16 2.06 1.98
534 1.26 2.00 1.49 1.03 558 1.71 1.48 1.58 2.11
Jersey
A-4 2.73 1.99 1.95 1.66 A-7 1.50 3.71 3.78 2.90
F-16 3.31 1.99 1.07 2.12 A-9 1.69 4.46 2.79 2.37
F-24 4.11 2.41 1.56 1.80 A-12 1.80 2.12 2.37 2.28
F-94 2.18 2.13 1.35 2.35 A-15 1.62 2.04 3.16 1.96
G-48 2.02 1.69 1.97 1.50 A-19 2.75 2.04 2.21 2.45
G-67 2.01 2.89 1.51 2.23 F-92 1.85 3.13 2.32 2,84
G-69 1.21 1.28 0.99 1.58 G-79 0.99 2.72 2.26 1.66
H-80 2.72 2.44 0.86 2.05 H-83 2.45 2.09 2.07 1.79
Period Av. 2.35 1.96 1.37 1.65 1.78 2.35 2.35 2.13
APPENDIX TABLE 4
Area percentage of Cg n-alkanoic acid during the two trials
Breed






1 2 3 4 1 2 3 4
Holstein 172 1.40 0.93 1.72 0.30 438 0.96 1.16 1.35 0.92
349 1.12 1.09 0.67 1.04 460 0.74 1.40 1.06 1.64
354 1.05 0.98 1.24 0.85 508 0.81 0.61 1.60 1.35
378 1.59 0.99 0.74 1.08 513 0.55 1.65 0.75 1.68
472 1.34 0.85 0.75 1.08 536 0.86 1.00 1.43 1.03
502 0.97 1.19 0.85 0.94 554 0.88 1.23 1.09 1.14
513 1.17 1.42 1.78 1.99 556 0.92 0.85 1.16 1.31
534 0.95 0.94 1.39 1.11 558 0.98 0.96 1.02 1.42
Jersey A-4 1.36 1.05 1.10 1.02 A-7 0.92 1.99 2.26 1.38
F-16 2.22 1.53 1.02 1.56 A-9 0.81 1.42 1.18 1.07
F-24 1.85 0.85 0.91 1.32 A-12 0.72 1.05 1.18 1.04
F-94 1.18 1.04 0.76 1.10 A-15 0.98 0.85 1.38 1.10
G-48 1.19 0.82 1.11 1.00 A-19 1.12 1.22 1.13 1.71
G-67 1.23 1.25 0.81 1.50 F-92 1.34 1.23 1.38 1.69
G-69 0.71 1.35 1.19 1.16 G-79 0.93 1.47 1.23 1.12
H-80 1.39 0.92 1.06 1.05 H-83 1.10 0.80 1.29 1.77
Period Av. 1.29 1.08 1.07 1.13 0.91 1.18 1.29 1.34
APPENDIX TABLE 5
Area percentage of C^q n-alkanoic acid during the two trials
Trial 1 Trial 2
Cow Periods Cow Periods
Breed No. 1 2 3 4 No. 1 2 3 4
t— °t\
Holstein
172 2.72 2.27 2.02 2.14 438 2.17 2.44 1.89 1.79
349 2.18 2.40 2.45 1.54 460 1.16 2.70 2.80 3.95
354 2.58 2.66 2.40 1.94 508 2.39 2.13 2.97 2.16
378 2.96 1.86 1.24 1.76 513 1.83 1.86 2.42 2.74
472 2.68 1.85 1.31 2.09 536 1.39 2.03 2.90 2.52
502 3.61 1.67 1.57 2.00 554 1.45 2.24 2.21 2.74
513 3.15 2.34 3.48 2.34 556 1.76 2.12 1.99 3.21
534 2.66 1.81 1.55 2.10 558 2.49 2.51 1.29 2.50
Jersey
A-4 2.47 2.88 2.32 2.58 A-7 2.90 3.48 3.98 3.70
F-16 3.53 3.10 2.91 3.07 A-9 1.75 5.75 3.14 2.22
F-24 2.98 1.79 1.75 2.83 A-12 2.07 2.83 2.75 1.97
F-94 3.78 3.03 1.97 3.09 A-15 2.18 2.69 1.94 3.68
G-48 3.97 2.58 3.07 3.18 A-19 2.94 4.23 3.35 3.86
G-67 3.80 3.28 3.50 2.63 F-92 2.55 4.29 2.71 2.49
G-69 2.50 2.69 2.66 2.02 G-79 2.05 3.29 2.65 3.08
H-80 3.64 3.57 2.68 2.95 H-83 2.37 1.98 3.45 3.14
Period Av. 3.07 2.49 2.30 2.39 2.09 2.91 2.65 2.86
APPENDIX TABLE 6
Area percentage of n-alkanoic acid during the two trials
Trial 1 Trial 2
Cow Periods Cow Periods
Breed No. 1 2 3 4 No. 1 2 3 4
„ "r\
Holstein
172 2,47 2.64 2.50 1.94 438 2.04 2.30 1.91 2.54
349 1.82 2.36 2.56 1.84 460 1.66 2.46 2.54 3.30
354 2.28 2.60 2.33 1.90 508 2.30 1.93 2.75 2.99
378 3.14 2.47 2.53 2.20 513 2.68 2.00 2.47 3.00
472 2.88 2.24 1.50 1.57 536 1.81 2.00 1.98 2.81
502 2.67 2.24 1.62 1.90 554 1.42 2.33 2.18 3.67
513 2.90 2.73 2.80 2.35 556 1.88 2.10 2.56 3.75
534 2.89 2.21 2.68 2.44 558 3.16 2.53 1.72 2.67
Jersey
A-4 3.33 2.94 2.29 2.57 A-7 3.01 4.32 3.79 3.09
F-16 3.89 3.42 2.56 2.71 A-9 2.15 3.48 3.00 2.10
F-24 1.24 2.55 2.31 2.64 A-12 2.54 2.57 2.64 2.39
F-94 3.58 2.69 2.60 3.27 A-15 2.15 2.79 2.20 3.69
G-48 4.50 3.09 3.53 3.66 A-19 2.75 3.59 3.41 3.78
G-67 2.91 3.24 3.92 2.46 F-92 2.32 3.02 2.74 2.49
G-69 2.59 3.34 2.65 2.37 G-79 2.17 3.27 2.90 2.96
H-80 3.91 3.84 2.43 3.09 H-83 2.45 2.13 3.14 3.36
Period Av. 2,96 2.76 2.55 2.43 2.28 2.68 2.62 3.06
APPENDIX TABLE 7
Area percentage of n-alkanoic acid during the two trials
Trial 1 Trial 2
Cow Periods Cow Periods
Breed No. 1 2 . 3 4 No. 1 2 3 4
iS3/
Holstein
172 11.77 11.99 10.28 11.14 438 9.89 12.16 10.33 10.45
349 12.60 13.18 11.46 11.21 460 8.33 11.44 10.91 13.90
354 10.93 12.18 10.63 10.43 508 11.15 10.97 11.45 10.93
378 11.00 12.03 12.00 10.09 513 10.03 7.90 15.16 11.10
472 10.25 9.95 9.40 9.40 536 9.18 12.35 10.73 12.92
502 11.18 10.58 10.24 10.37 554 9.55 9.29 11.74 9.46
513 15.80 10.27 13.08 12.11 556 9.31 11.89 12.00 10.60
534 10.61 11.72 10.77 11.17 558 11.27 11.48 9.56 12.22
Jersey
A-4 10.75 11.25 10.35 10.79 A-7 11.06 11.62 11.99 10.47
F-16 11.54 11.84 12.57 11.58 A-9 10.55 14.25 13.93 10.17
F-24 11.23 11.20 10.68 10.62 A-12 10.97 10.62 11.65 10.70
F-94 12.41 12.94 11.64 12.82 A-15 9.10 12.47 10.14 12.19
G-48 12.69 12.77 12.97 11.40 A-19 12.43 13.48 12.77 12.15
G-67 11.43 11.39 11.58 10.77 F-92 11.06 11.68 13.68 10.32
G-69 12.25 10.93 11.15 11.87 G-79 10.49 13.18 12.85 10.34
H-80 12.48 7.72 11.89 11.04 H-83 12.74 9.44 12.41 11.79
Period Av. 11.93 11.37 11.29 11.05 10.44 11.51 12.02 11.23
03o
APPENDIX TABLE 8
Area percentage of C^g n-alkanoic acid during the two trials
Breed






1 2 3 4 1 2 3 4
(area 7.) (area 7)
Holstein
172 27.27 28.55 26.55 32.21 438 40.26 40.09 29,92 31.14
349 12.60 33.26 32.09 36.44 460 36.07 39.01 33.86 32.35
354 35.37 29.26 29.47 29.78 508 33.45 32.96 28.60 27.43
378 32.84 30.82 33.52 29.13 513 38.67 26.40 35.12 29.33
472 23.67 25.81 27.30 27.34 536 37.56 36.12 31.45 29.65
502 22.81 30.48 33.39 36.38 554 34.13 36.94 36.31 25.37
513 27.66 24.34 32.04 29.30 556 33.27 35.42 34.67 28.22
534 26.74 31.03 33.51 30.04 558 36.47 34.27 35.35 24.16
Jersey
A-4 36.66 26.88 31.24 35.68 A-7 29.02 33.07 26.99 26.26
F-16 28.86 27.10 35.10 36.47 A-9 35.57 35.15 33.67 31.13
F-24 30.11 28.77 31.35 32.90 A-12 40.97 34.17 36.56 29.89
F-94 32.28 34.78 35.29 33.90 A-15 38.60 42.06 29.52 30.48
G-48 31.02 33.82 34.28 35.09 A-19 31.11 23.08 32.34 25.92
G-67 31.19 28.49 32.57 34.53 F-92 35.93 26.53 34.42 25.17
G-69 33.34 25.69 26.13 32.29 G-79 34.67 35.20 35.16 24.93
H-80 34.81 32.56 35.57 36.90 H-83 34.00 29.60 32.11 30.21
Period Av. 29.74 29.48 31.84 33.02 35.61 33.75 32.88 28.67
APPENDIX TABLE 9
Area percentage of C^g n-alkanoic^ acids during the two trials
Trial 1 Trial 2
Cow Periods Cow Periods
Breed Nov 1 2 3 4 No. 1 2 3 4
. 7\«•/
Holstein
172 40.82 40.68 41.94 38.60 438 32.24 31.92 39.35 35.42
349 46.00 38.13 36.31 34.05 460 40.61 31.76 36.00 39.04
354 37.73 41.98 40.71 39.82 508 36.67 35.17 30.64 32.64
378 37.73 41.32 37.71 38.37 513 35.81 36.68 36.52 38.40
472 43.19 44.48 47.03 46.30 536 37.23 35.99 23.33 35.19
502 44.10 42.91 37.23 39.17 554 37.05 37.62 36.12 29.85
513 39.38 39.57 29.63 40.35 556 40.12 34.57 38.34 29.65
534 39.20 39.29 36.89 42.50 558 35.27 35.20 38.42 32.23
Jersey
A-4 38.23 28.38 38.52 37.24 A-7 38.10 36.84 32.06 38.85
F-16 29.03 37.54 32.06 33.23 A-9 35.11 33.70 34.28 32.52
F-24 31.87 38.59 37.29 37.90 A-12 31.59 34.15 31,74 37.01
F-94 38.68 34.73 33.36 36.04 A-15 34.77 29.22 32.08 30.83
G-48 39.53 33.55 33.02 31.19 A-19 38.13 34.34 34.52 39.14
G-67 39.18 34.41 32.88 38.15 F-92 34.59 27.13 34.64 31.18
G-69 40.47 38.26 42.86 36.98 G-79 34.38 30.90 35.00 32.52
H-80 30.72 37.04 30.46 32.17 H-83 35.70 24.84 38.45 33.93
Period Av. 38.49 38.18 36.74 37.63 36.08 33.13 33.34 34.28
—  Probably a combination of n-alkanoic and alkenoic acids.
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APPENDIX TABLE 10
Spontaneous acid degree values during the two trials
Trial 1 Trial 2
Cow Periods Cow Periods
Breed No. 1 2 3 4 No. 1 2 3 4
A T W / a Any
Holstein
172 0.35 0.50 0.35 0.23 438 0.18 0.33 0.40 0.40
349 0.20 0.38 0.50 0.40 460 0.18 0.45 0.33 0.60
354 0.30 0.40 0.75 0.50 508 0.30 0.60 0.50 0.50
378 0.30 0.35 0.55 0.20 513 0.43 0.55 0.40 0.40
472 0.20 0.45 0.23 0.30 536 0.40 0.60 0.30 0.55
502 0.10 0.45 0.60 0.13 554 0.20 0.35 0.55 0.80
513 0.50 0.25 0.45 0.30 556 0.35 0.75 0.50 0.65
534 0.23 0.40 0.25 0.28 558 0.25 0.50 0.60 0.70
Jersey
A-4 0.43 0.53 0.53 0.35 A-7 0.25 0.90 0.90 0.45
F-16 0.33 0.25 0.73 0.38 A-9 0.25 0.45 0.70 0.50
F-24 0.45 0.45 0.43 0.28 A-12 0.35 0.45 0.45 0.48
F-94 0.23 0.35 0.40 0.23 A-15 0.35 0.53 0.53 0.48
G-48 0.60 0.33 0.40 0.40 A-19 0.30 0.60 0.65 0.45
G-67 0.33 0.30 0.40 0.35 F-92 0.33 0.53 0.58 0.43
G-69 0.38 0.34 0.58 0.33 G-79 0.20 0.48 0.65 0.55
H-80 0.30 0.53 0.35 0.25 H-83 0.25 0.30 0.40 0.55
Period Av. 0.32 0.39 0.47 0.31 0.29 0.52 0.90 0.53
ADV = ml NKDH to Neutralize 100 g fat.
APPENDIX TABLE II
Developed acid degree values during the two trials
Trial 1 Trial 2
Cow Periods Cow Periods
Breed No. 1 2 3 4 No. 1 2 3 4
■ADV Increased------......................... — ADV Increase-
Holstein
172 1.53 0.50 0.95 1.63 438 1.96 1.08 2.64 1.33
349 1.86 2.01 2.81 9.43 460 2.33 1.96 2.61 0.35
354 1.81 2.51 3.51 0.80 508 1.36 1.31 1.16 1.00
378 1.66 1.61 0.95 0.85 513 0.83 0.75 0.65 0.50
572 0.43 0.48 0.45 3.31 536 2.06 0.50 0.45 0.87
502 1.35 0.65 0.45 1.28 554 4.92 1.26 3.06 0.50
513 0.30 1.51 0.18 1.61 556 3.51 1.56 0.70 0.03
534 1.58 0.35 0.60 0.63 558 1.96 2.76 2.51 0.05
Jersey A-4 2.36 0.35 0.30 0.55 A-7 1.28 0.20 0.40 0.25
F-16 0.88 0.70 0.18 0.43 A-9 1.28 1.00 0.75 1.43
F-24 0.43 1.43 0.73 1.03 A-12 1.00 0.73 2.91 1.63
F-94 5.97 1.88 4.84 2.51 A-15 1.56 1.48 1.58 0.78
G-48 2.48 1.83 0.55 2.48 A-19 0.90 1.38 0.03 1.66
G-67 2.06 0.33 0.03 0.15 F-92 0.65 0.20 0.15 0.25
G-69 0.48 0.37 0.83 0.60 G-79 0.45 2.63 0.70 0.33
H-80 2.06 1.08 3.44 1.88 H-83 0.70 1.36 0.05 0.75
Period Av. 1.70 1.09 1.30 1.82 1.67 1.26 1.27 0.73
&  ADV = ml NKQH to Neutralize 100 g fat.
APPENDIX TABLE 12




1 2 3 4 5 6 7 8 9 10 Av.
System I ^ -2 0.025 1.129 0.527 0.752 0.075 0.100 0.251 0.276 0.126 0.100 0.336
0 0.026 0.251 0.577 0.402 0.076 0.050 0.226 0.100 0.201 0.276 0.279
2 0.025 0.176 0.426 0.226 0.402 0.076 0.050 0.226 0.100 0.201 0.191
4 0.025 0.176 0.452 0.401 0.226 0.126 0.101 0.125 0.126 0.226 0.198
6 0.050 0.175 0.226 0.527 0.201 0.402 0.201 0.376 0.025 0.050 0.223
System II -2 0.201 0.452 0.627 0.476 0.025 0.075 0.326 0.050 0.125 0.075 0.243
0 0.025 0.351 0.552 0.251 0.150 0.025 0.125 0.327 0.075 0.101 0.198
2 0.125 0.175 0.451 0.325 0.151 0.025 0.100 0.150 0.080 0.025 0.161
4 0.025 0.301 0.201 0.351 0.025 0.050 0.151 0.276 0.050 0.025 0.146
6 0.076 0.376 0.351 0.326 0.201 0.076 0.151 0.351 0.175 0.025 0.211





Developed acid degree values of milks subjected 




0 15 30 45 60
1 0.025 0.602 1.907 2.760 4.291
2 0.050 0.728 0.797 1.480 3.011
3 0.151 0.572 0.929 1.280 1.405
4 0.025 0.251 0.562 0.552 1.279
5 0,125 0.126 0.351 1.456 2.183
6 0.176 0.100 0.703 0.954 2.032
7 0.100 0.301 0.878 1.179 2.358
8 0.452 0.476 1.329 2.407 3.262
9 0.050 0.101 0.452 1.305 1.531
10 0.125 0.276 0.652 1.154 2.083
Av. 0.128 0.353 0.856 1.453 2.344




Analysis of variance of phospholipid concentration
for all samples collected in Part I
Source of 
Variance d.f. Mean Square F-value
Total 127 ----- -----
Trials 1 0.011 0.154
Periods 3 0.128 1.855
Breeds 1 0.672 2.620
Tr. X Per. 3 0.120 1.747
Per. X Br. 3 0.080 0.313
Tr. X Br. 1 0.041 0.161
Tr. X Per. X Br. 3 0.256 3.720*
Error 112 0.069
* Significant P <  0.05.
APPENDIX TABLE 15
Analysis of variance of n-alkanoic acid 
for all samples collected in Part I
Source of 
Variance d.f. Mean Sauare F-value
Total 127 -----
Trials. 1 6.564 7.412**
Periods 3 1.381 1.560
Breeds 1 0.524 0.592
Tr. X Per. 3 1.717 1.939
Per. X Br. 3 1.199 1.354
Tr. X Br. 1 0.080 0.091
Tr. X Per. X Br. 3 0.785 0.887
Error 112 0.886
** Significant at P <  0.01.
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APPENDIX TABLE 16 *
Analysis of variance of Cg n-alkanoic acid
for all samples collected in Part I
Source of 
variance d.f. Mean sauare F-value
Total 127 ---- -----
Trials 1 3.354 1.001
Periods 3 0.633 0.189
Breed 1 4.620 14.759**
Tr. X Per. 3 3.351 10,705**
Per. X Br. 3 0.175 0.558
Tr. X Br. 1 0.146 0.468
Tr. X Per. X Br. 3 0.410 1.309
Error 112 0.313
** Significant at P <  0.01.
APPENDIX TABLE 17
Analysis of variance of Cg n-alkanoic acid 
for all samples collected in Part I
Source of
variance d.f. Mean sauare F-value
Total 127
Trials 1 0.044 0.068
Periods 3 0.104 0.162
breeds 1 0.330 3.429
Tr. X Per. 3 0.640 6.655**
Per. X_ Br. 3 0.028 0.287
Tr. X Br. 1 0.044 0.455
Tr. X Per. X Br. 3 0.085 0.887
Error 112 0.096
** Significant at P < 0 .0 1 .
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APPENDIX TABLE 18
Analysis of variance of C^q n-alkanoic acid
for all samples collected in Part I
Source pf 
variance d.f. Mean sauare F-value
Total 127 » m m
Trials 1 0.132 0.034
Periods 3 0,270 0.069
Breed 1 15.247 43.525**
Tr. X Per. 3 3.926 11.208**
Per. X Br. 3 0.446 1.274
Tr. X Br. 1 0.013 0.037
Tr. X Per. X Br. 3 0.366 1.046
Error 112 0.350
** Significant at P <  0.01> •
APPENDIX TABLE 19
Analysis of variance of C^2 n-alkanoic acid 
for all samples collected in Part I
Source of
variance d.f. Mean sauare F-value
Total 127 _ _ — w m
Trials 1 0.006 0.003
Periods 3 0.191 0.083
Breeds 1 10.409 40.002**
Tr. X Per. 3 2.307 8.870**
Per. X Br. 3 0,344 1.323
Tr. X Br. 1 0.255 0.982
Tr. X Per. X Br. 3 0.537 0.982
Error 112 0.260
** Significant at P <  0.01,
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APPENDIX TABLE 20
Analysis of variance of n-alkanoic acid
for all samples collected in Part I
Source of 
variance d.f. Mean square F-value
Total 127 .... ....
Trials 1 0.387 0.053
Periods 3 1.843 0.251
Breeds 1 7.370 4.684*
Tr. X Per, 3 7.357 4.675**
Per. X Br. 3 0.619 0.393
Tr. X Br. 1 1.360 0.864
Tr. X Per. X Br. 3 2.447 1.555
Error 112 1.574
* Significant at P < 0.05. 
Significant at P < 0.01,
APPENDIX TABLE 21*jj
Analysis of variance of n-alkanoic acid 
for all samples collected in Part I
Source of 
variance d.f. Mean square F-value
Total 127 ....
Trial 1 93.299 0.572
Period 3 21.357 0.131
Breed 1 2.676 0.027
Tr. X Per. 3 163.089 13.319**
Per. X Br. 3 7.311 0.067
Tr. X Br. 1 100.872 8.238**
Tr. X Per. X Br. 3 2.082 0.170
Error 112 12.245 - - - - -
Significant at P < 0.01.
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APPENDIX TABLE 22
Analysis of variance of C^g^- n-alkanoic acid 
for all samples collected in Part I
Source of 
variance d.f. Mean sauare F-value
Total 127 ..... .....
Trials 1 403.795 25.647**
Periods 3 28.751 1.826
Breeds 1 345.559 21.948**
Tr. X Per 3 9.653 0.613
Per. X Br. 3 8.767 0.557
Tr. X Br. 1 61.556 3.910
Tr. X Per. X Br. 3 7.536 3.910
Error 112 15.744
/a1—  Probably a combination of C^g n-alkanoic and alkenoic acids.
** Significant at P <  0,01.
92
APPENDIX TABLE 23
Analysis of variance for spontaneous acid degree value
for all samples collected in Part I
Source of 
variance d.f. Mean square F-value
Total 127 .... ....
Trials 1 1.142 3.787
Periods 3 0.820 2.721
Breed 1 0.145 0.481
Tr. X Per. 3 0.310 1.027
Per. X Br. 3 0.181 0.601
Tr. X Br. 1 0.318 1.055
Tr. X Per, X Br. 3 0.155 0.514
Error 112 0.301
APPENDIX TABLE 24
Analysis of variance for developed acid degree value 
for all samples collected in Part I
Source of 
variance d.f. Mean square F-value
Total 127 .... .....
Trials 1 1.907 1.246
Periods 3 1.639 1.071
Breed 1 3.851 0.785
Tr. X Per 3 2.630 1.719
Per. X Br. 3 0.087 0.018
Tr. X Br. 1 1.504 0.307
Tr. X Per. X Br. 3 4.907 3.207*
Error 112 1.530 -----
* Significant at P < 0.05.
9-3
APPENDIX TABLE 25
Analysis of variance of samples taken 
from simulated milking system
Source of 
variance d.f. Mean square F-value
Total 99 ------
Portions of Milk 9 0.1853 10.614**
System 1 0.0723 4.142*
Height 4 0.0473 2.709**
Sy. X Ht. 4 0.0056 < 1
Error 81 0.0175
* Significant at P <  0.05. 
** Significant at P <  0.01.
APPENDIX TABLE 26
Analysis of variance of samples taken 
from three 4 X 4  Latin Square designs 
on pipeline Height studies
Source of
variance d.f. Mean square F-value
Total 47 . . . . .
Bet. Sets 2 1.877
Days/Set 9 0.225
Cows/Set 9 1,096
Heights 3 0.019 0.252
Heights X Set 6 0.270 3.420*
Error 18 0.079
Significant at P <  0.05.
AUTOBIOGRAPHY
The author was born in New Orleans, Louisiana on December 5,
1938. He attended grammar, junior high, and high schools in Franklin- 
ton, Louisiana where he was graduated in 1956. During the years 1952 
to 1960 he was self-employed as a dairy farmer from which finances 
for his early college education came. In January, 1957 he entered 
Southeastern Louisiana College, Hammond, Louisiana and completed the 
requirements for the B. S. degree in the field of Dairy Manufacturing 
in January, 1960.
He was married in August, 1960 to the former Miss Janice K.
Pevey and has one son, Robert Duff Wallace.
He entered the Graduate School of Louisiana State University and 
Agricultural and Mechanical College in January, 1960 to pursue worl: 
toward the M. S. degree under the guidance of Dr. J. H. Ghclson. His 
thesis topic was "Influence of Selective Factors on Cottage Cheese 
Shelf-life". After receiving his M. S. degree in June, 1961, the 
author immediately began work toward the Ph.D. degree at the same 
institution under the guidance of Dr. J. H. Gholson. He completed 
the requirements for the degree in August, 1963.
94






MILK FAT DECOMPOSITION: I. INTERRELATIONSHIPS OF
PHOSPHOLIPID CONTENT, FATTY ACID COMPOSITION, AND MILK FAT 
HYDROLYSIS. II-, RELATIONSHIP OF MILK PIPELINE HEIGHT TO INCREASE 
IN ACID DEGREE VALUES Approved:
Major Professor and Chairman




%£y /f , ff&S.
